ABSTRACT The use of insectary plants in agroecosystems to provide ßoral resources for enhancing natural enemy activity is an increasingly used practice, but candidate ßowering plant species are not always screened for their attractiveness to key arthropods in the system being studied. In the work presented here, the relative attractiveness of four species of insectary plants to beneÞcial and pest insect species was assessed by observing the relative frequencies of ßower visits to replicated blocks of the insectary ßowers in two Oregon broccoli Þelds. The four plant species tested were alyssum (Lobularia maritima L. Desv.), coriander (Coriandrum sativa L.), buckwheat (Fagopyrum esculentum Moench), and phacelia (Phacelia tanacetifolia Benth.). Predatory hoverßies (Syrphidae) were identiÞed to species, where possible, because of their previously observed importance as aphid predators in broccoli Þelds in the study area. The other beneÞcial insect groups observed were in the families Apidae, Coccinellidae, Tachinidae, and Vespidae, and the three main pest species were western tarnished plant bug (Lygus hesperus Knight), western spotted cucumber beetle (Diabrotica undecimpunctata undecimpunctata Mannerheim), and imported cabbageworm (Pieris rapae L.). The Syrphidae visited mostly coriander, but this "preference" was probably inßuenced by competition from other foragers. Bumblebees and the three pest species visited mostly phacelia, and other species groups were less consistent in their ßower choices. The different insect preferences for ßowers are discussed in terms of the key inßuencing factors that should be considered when assessing the relative attractiveness of insectary plants in the Þeld.
ity with the cropping regimen (Gurr et al. 1998) , their relative attractiveness to key natural enemy and pest herbivore species in or near the crop Þeld is an important initial consideration.
The relative attractiveness of plant species of available ßowers has been shown in some well-studied groups such as the hymenopteran pollinators, and complete speciÞcity in this group is rare (Waser et al. 1996 , Goulson 2003 . The selective use of ßoral resources by natural enemies and pests has been reported to a lesser extent, but signiÞcant progress needs to be made in this area to advance precision in the use of insectary plantings to enhance biological control Kidd 1996, Gurr et al. 2004) .
Floral resources are especially important for predatory hoverßy adults, many species of which need to feed on nectar for energy and pollen for gametogenesis (Schneider 1948 , Sturken 1964 . Hoverßies use ßoral resources selectively (Gilbert 1981) , although this can vary among species (Haslett 1989a) . The differential attractiveness of speciÞc species of ßowering plants to hoverßies has been identiÞed in observational studies (Cowgill et al. 1993 , Haslett 1989a , as well as in formal experiments (Lö vei et al. 1993, Colley and Luna 2000) . For those ßowers that a community of hoverßies can access, it is not always known whether individuals of a given species or sex are selecting between these resources based on cues and rewards relating individually or in combination, to multiple possible factors (Table 1) .
Even if there are multiple mechanisms by which a hoverßy individual chooses one ßower type or patch over another, differential visitation and feeding patterns observed within the local hoverßy assemblage at speciÞc ßower types can still serve as an indicator of preferred ßoral resources that are more likely to enhance hoverßy predatory activity in a given context. The relative attractiveness of 11 species of insectary plants in garden plots to hoverßies as a group was assessed in previous trials in the Willamette Valley, OR (Colley and Luna 2000) , and 4 of these plant species, alyssum (Lobularia maritima L. Desv.), coriander (Coriandrum sativa L.), buckwheat (Fagopyrum esculentum Moench), and phacelia (Phacelia tanacetifolia Benth.), were ranked highly on the basis of feeding visit frequencies. Of these, alyssum and coriander are introduced, and all four are cultivated plants. Certain hoverßy species have been found to be the most prevalent aphid natural enemies foraging before harvest within Willamette Valley broccoli Þelds for the cabbage aphid, Brevicoryne brassicae L., and the green peach aphid, Myzus persicae (Sulzer) (unpublished data). This study quantiÞed the relative attractiveness of the four insectary plants to these species of hoverßies and other key beneÞcial and pest arthropods present in these broccoli Þelds to screen them before use as insectary plantings in large-scale Þeld experiments.
Materials and Methods
Experimental Design. The experiments were set up at two locations in the Willamette Valley in Oregon in late March 2000. A 2 by 66-m insectary plant strip was planted at one edge of a newly planted broccoli Þeld in each site. The strip at each site was divided into three randomized blocks, each containing four 2 by 5.5-m plots of the four plant species. Alyssum and coriander were transplanted in Þve rows in each plot, with a within-row spacing of 40 cm and 90 cm between rows. Buckwheat and phacelia were sown in nine rows and thinned to 15 cm within rows, with 45 cm between rows.
Field Sites. The North Site was near Corvallis, OR. The plots were planted/sown 23 March, 2000, 25 d after transplanting (DAT) broccoli in a 15-ha Þeld bordered by corn, strawberry, and grass seed crops on each of three sides and mature Þlberts on the fourth side. The South Site was near Eugene, OR, Ϸ90 km south of the North Site. The ßowers were planted 24 March, 8 DAT broccoli in a 15-ha Þeld bordered by grass seed crops on two sides, young Þlbert trees on a third side, and a squash Þeld on the fourth side.
Sampling Procedure. Flowering dates, ßoral densities, and arthropod visits were recorded on four dates from 12 July to 2 August at the North Site and on three dates from 16 to 30 July at the South Site. Relative ßoral density among treatments on each sampling date was quantiÞed by estimating the number of open ßow-ers in 1-m 2 quadrats. The visits made by hoverßy species and other arthropod taxa were quantiÞed by visual observation. Data were also recorded on western tarnished plant bug (Lygus hesperus Knight), western spotted cucumber beetle (Diabrotica undecimpunctata undecimpunctata Mannerheim), imported cabbageworm (Pieris rapae L.), and the beneÞcial groups lady beetles (Coccinellidae), vespid wasps (Vespidae), honey bees (Apis spp.), and bumble bees (Bombus spp.). Reference specimens of all of these taxa were collected from the plots and used to conÞrm sight images for the observer. Observations were made only at times close to midday and during sunny conditions to assure accuracy and validity. Because many ßower-visiting arthropods are sensitive to the motion and presence of the observer, a stationary technique was used whereby the observer remained motionless and did not cast a shadow on the plots. The number of visits to ßowers observed over 1 min in a 1-m 2 area of each plot was recorded for each taxon.
Statistical Analysis. The numbers of ßoral visits by each insect species were pooled across sampling dates and were compared between sites using a two-way analysis of variance (ANOVA; GLM procedure; SAS Institute 1990). To evaluate effect of ßower species on ßoral visitation, data were pooled across dates for each insect species and transformed using square root (x ϩ 0.5). ANOVA and an F-protected least signiÞcant difference (LSD) test were used to compare mean values (SAS Institute 1990).
Results
Site Effect on Insect Visitation to Flowers. More hoverßy species were observed visiting ßowers at the North Site than at the South Site, and there were more frequent ßower visits by predatory hoverßy species at the North Site as well (P ϭ 0.001; Table 2 ). Eupeodes fumipennis (Thomson) , an aphid predator in Oregon broccoli Þelds, was the most frequent predacious hoverßy visiting ßowers at both sites. Two other hoverßy species known to feed on aphids in broccoli, Sphaerophoria sulphuripes (Thomson) and Syrphus opinator (Osten Sacken) (unpublished data), were found on the ßowers only at the North Site. Toxomerus spp. [composed of T. marginatus (Say) and T. occidentalis Curran] were observed visiting ßowers at both sites; however, Toxomerus spp. have not been linked to aphid predation in broccoli. Melanostoma mellinum L. and Platycheirus quadratus (Say) were also present over the ßowers at only the North Site in small numbers but were not observed feeding on them. The nonpredatory Eristalis spp. were more abundant at the ßowers at the South Site (P ϭ 0.003; Table 2 ).
The pest species observed were the same at each site, with greater ßower visitation by D. undecimpunctata undecimpunctata at the North Site (P Ͻ 0.0001). The beneÞcial taxa other than hoverßies were the same at each site, with the South Site having greater numbers of Apis spp. (P ϭ 0.004), Coccinellidae (P ϭ 0.001), and Vespidae (P ϭ 0.0003) at the ßowers than the North Site.
Relative Frequencies of Flower Visits. For the hoverßies at the North Site, the predatory species as a group visited coriander to a much greater extent than phacelia or alyssum, with a similar number of visits to buckwheat (Fig. 1A) . Coriander was also favored over the other three ßower species by the predatory S. sulphuripes and the nonpredatory S. pipiens. P. stegnus visited buckwheat more than alyssum and phacelia but showed a similar number of visits to coriander. No ßoral preferences were detected for the predatory hoverßies E. fumipennis, Toxomerus spp., and S. opinator. Eristalis spp. visited coriander more frequently than buckwheat or phacelia at this site (Fig. 1A) . At the South Site, only hoverßies of the taxon Eristalis spp. were seen visiting coriander, with nearly four times as many visits to coriander as the other ßower species (Fig. 2A) . Among the other remaining ßowers (other than coriander), E. fumipennis visited phacelia more frequently than alyssum (Fig. 2A) .
The pest species L. hesperus and P. rapae were seen visiting phacelia more often than the other three ßow-ers at the North Site, whereas D. undecimpunctata undecimpunctata preferred phacelia and buckwheat over coriander and alyssum (Fig. 1B) . This same trend was not evident at the South Site, however, with L. hesperus and D. undecimpunctata undecimpunctata preferring phacelia over only alyssum (Fig. 2B) .
Among the beneÞcial insect visitors, bumblebees (Bombus spp.) showed a much higher visitation rate at phacelia at both sites ( Fig. 2A and B) . Apis spp. visited alyssum less frequently than the other three plant species at both sites ( Fig. 2A and B) . For natural enemies other than hoverßies, members of the Coccinellidae visited buckwheat and coriander more than phacelia and alyssum at both sites, whereas members of the Vespidae primarily visited buckwheat ( Fig. 2A  and B) . Relative Floral Densities over Time. The ßowering canopies fully closed by the Þrst sampling date in all ßower treatments at both sites except the alyssum, which still had some small gaps of Ͻ15 cm on the Þrst sampling date. Alyssum, buckwheat, and phacelia had Ϸ10,000 open ßowers/m 2 at each site over all sampling dates. Coriander, with its compound umbel ßower arrangement, had Ϸ90,000 open ßowers/m 2 on the Þrst sampling date at each trial, but this number gradually decreased to the same numbers seen for the other three ßowers by the Þnal sampling date (data not shown).
Discussion
The clearest differentiation in relative visitation of ßowers by insects was not seen for the predatory hoverßy species, but rather Bombus spp. and the three main ßower-visiting crop pests in the local broccoli system (D. undecimpunctata undecimpunctata, P. rapae, and L. hesperus). They visited phacelia more frequently than they did alyssum and coriander at the North Site and were also attracted to buckwheat to a lesser extent. At the South Site, Bombus spp. visited phacelia even more frequently, but the relative "attraction" of the three pest species to phacelia was not as marked as that seen at the North Site. The predatory hoverßies as a group visited mainly coriander at the North Site but not at the South Site.
One potential explanation for these site differences in pest and hoverßy visitation might be that the relatively high visitation at phacelia by Bombus spp. at the South Site caused a displacement of the three pest species. Similarly, the relatively high visitation at coriander by larger, nonpredatory hoverßies of the genus Eristalis and the equally large Apis spp. at the South Site versus the North Site may have displaced the predatory hoverßy species. Similar types of interspeciÞc interference and displacement from foraging competition (Kikuchi 1962 , 1963 , 1965 , Morse 1981 and territoriality (Wellington and Fitzpatrick 1981) among these ßoral visitors have been shown.
In addition to competition, there are other factors that can contribute to attraction to a particular ßower type that should be considered when addressing these inconsistencies between Þelds. The quality and abundance of ßoral resources in time and space (i.e., nectar and pollen volumes, ßower abundance, density, and dispersion) can affect the degree of selectivity among ßoral foragers (Thomson 1981 , Waser et al. 1996 . Organisms foraging for resources are often observed to be generalists over broad geographical ranges but may appear to be more specialized when restricted to local communities; therefore, specialization is a ßex-ible attribute when considered at the level of a population (Fox and Morrow 1981) . The quality and amount of ßoral resources have been shown to affect the overall abundance of foraging hoverßies (Ruppert and Molthan 1991 , Sutherland et al. 1997 , as well as their competitive interactions (Kikuchi 1963) .
If ßoral resources are not limiting in a given area, however, the degree of selectivity expressed by ßoral foragers would not be expected to be as greatly affected (Kikuchi 1963 , Toft 1983 . In this study, the scale of comparison for the relative attractiveness to ßowers was among 10-m 2 plots in a 130-m 2 strip. Although care was taken to keep the immediate area around the ßower blocks free of ßowering weeds, there were some ßowering weeds present within the foraging range of the observed ßoral foraging species on the sampling dates, so it is likely that most of these species were not severely limited for ßoral resources. Within the experimental ßower plots, the actual quantities of pollen and nectar resources were not quantiÞed beyond ßower density, because these can vary among individual ßowers. The relative mean densities of ßowers were higher in the coriander plots on the Þrst two sampling dates at each trial, but there always appeared to be enough available ßowers and foraging space in the plots of each plant species, so this ßoral density difference was not included in the analysis.
Factors relating to the foraging hoverßy individual, such as what they may have learned about relevant cues in the recent past (Goulson and Wright 1998) , or changing nutritional requirements over the course of their life (Haslett 1989a , Hickman et al. 2001 , will also contribute to differences in visitation with all other factors being equal. Assessing the inßuence of these factors relating to the individual requires speciÞc methods and experimentation, such as tracking the foraging paths of individuals, which can be difÞcult to perform accurately with hoverßies (Goulson and Wright 1998) . This study used the more feasible direct behavioral observation of ßower visiting frequencies among ßower blocks to estimate the relative attractiveness of the ßower types, but observation of visitation frequency is also a function of the time the individual spends at the ßower, the spatial pattern of ßowers, and the travel time between ßowers (Kearns and Inouye 2001) . Whether certain individuals were switching among ßower types or spending variable amounts of time on and traveling between ßowers, it is assumed here that the sample size of observations is large enough to assess the overall relative attractiveness of the four ßower types to the foraging species in these communities.
Comparing the results of this study with other evaluations of the relative attractiveness of ßoral resources in agricultural contexts, consideration must also be given for differences in methods used, foraging arthropod species, plant species, and environmental factors. This is the Þrst report on the relative ßower foraging "preferences" of the particular hoverßy species observed in this study, but results for predatory hoverßies as a group can be compared with those of Colley and Luna (2000) , who evaluated the preferences of hoverßies as a group in the same geographic location. The greater relative attractiveness of coriander to this community of hoverßies at the North Site was also seen in their study, but the potential effects of competition from more aggressive foragers described for a similar community at the South Site in this study was not looked at. Other studies of the relative preferences exhibited by individual hoverßy species are less comparable to this study because of differences in hoverßy and/or plant species, environmental context, and the interaction that these factors can have with habitat preferences of each hoverßy species (Branquart and Hemptinne 2000) .
The strong preference of Bombus spp. in general for phacelia over other ßower types has been seen in many contexts (Carreck and Williams 2002) , but extreme specialization is also rare for this group, and they show a ßexible preference that enables them to adapt their strategy according to changing spatial and temporal patterns of availability of reward among the available ßower species (Goulson 2003) . The more frequent visitation to phacelia by the pest herbivore species is to be expected for P. rapae, with a longer feeding apparatus well suited to the deep corolla tube, but this may be the Þrst report of high visitation to this plant species by D. undecimpunctata and L. hesperus.
The results of this study help with the selection of insectary plants to use in this cropping context. Hoverßies visited mostly coriander, and the three pest species and bumblebees visited mostly phacelia, whereas buckwheat and alyssum were visited by both natural enemies and pests. The documentation of ßower visiting by pest herbivore species as well as beneÞcial species is important for this selection process. The observed frequencies of visitation by all species only help to evaluate the relative attractiveness, however, and the relative impact that each ßower type has on the fecundity and longevity of these natural enemy and pest species should also be considered. The ultimate decisions about the potential usefulness of insectary plantings should also of course include evaluations of agronomic, economic, and phenological factors.
